Abstract: There is a signifi cant relation between thyroid hormones and zinc. The establishment of low blood zinc levels in hypothyroidism as opposed to high blood zinc levels in hyperthyroidism testifi es to this relation. The present study aims to examine the changes in levels of some elements in sera of rats with induced hyperthyroidism as well as the relation between these changes and zinc. Thirty adult male rats of Sprague-Dawley type were equally allocated to three groups, particularly Group 1: General Control, Group 2: Sham-hyperthyroidism Group, and Group 3: Hyperthyroidism Group. Subsequent to decapitating the animals, their blood samples were taken and analyzed with the help of atomic emission spectrophotometer in terms of serum levels of zinc, selenium, calcium, magnesium, phosphorus, chromium, copper and iron. The levels of zinc, selenium and calcium were higher (p < 0.01), while those of chromium, copper, iron and phosphorus were lower (p < 0.01) in Group 3, relative to groups 1 and 2. These parameters were not different in groups 1 and 2. The results obtained from the study indicate that hyperthyroidism brings about some changes in the levels of some elements in rats. These changes might be associated with the elevation of zinc levels in hyperthyroidism (Tab. 2, Ref. 41). Full Text in PDF www.elis.sk.
There is a signifi cant relation between thyroid hormones and trace elements (1) . Not only are trace elements involved in thyroid hormone metabolism, but their levels in blood and tissues can be altered also by impairments in thyroid function (1, 2) . One of the major roles of trace elements played in thyroid hormone metabolism is that of zinc (3) . In both experimental animals and humans, zinc is known to affect the plasma levels of thyroid hormone and take part in thyroid activity (3) . Among the endocrine functions associated with zinc are the changes observed in thyroid hormone metabolism and energy consumption of humans and animals on diet low in zinc (4) . Both animal experiments and human studies demonstrate that when zinc defi ciency is present alongside iodine defi ciency, it can be a stimulus for goiter. However, there is no consensus on the results (5, 6). Morley et al (6) reported that T 3 concentrations were lower in patients with chronic hepatitis and gastrointestinal ailments, as well as in those with hypozincemia, and that T 3 levels could not be elevated despite zinc supplementation. It is known that erythrocyte carbonic anhydrase enzyme, and B-isozyme in particular, declines in hyperthyroid patients. Since most of the zinc within erythrocytes is found in form of the metal of carbonic anhydrase, and as the thyroid hormone inhibits the synthesis of erythrocyte carbonic anhydrase B-isozyme, the concentration of intra-erythrocyte zinc is expected to display a parallel decline (7) . It was reported that although intra-erythrocyte zinc levels decreased by 54 % in rats with induced hyperthyroidism, there was no signifi cant change in plasma zinc levels (8) . In contrast, Simsek et al (9) found high erythrocyte zinc levels but could determine no change in plasma zinc levels in hyperthyroidism. The results reported by authors (8, 9) cited above seem inconsistent with the studies arguing that the plasma zinc levels increased in hyperthyroidism (10, 11) . The studies exploring the relationship between hyperthyroidism and zinc show that the consensus has yet to be reached on this topic. The aim of the present study is to examine the changes in serum levels of some elements and their relation to zinc in rats with induced hyperthyroidism.
Materials and methods
This study was carried out at the Experimental Medicine Research and Application Center of Selcuk University (SUDAM) on the rats supplied thence. The study included 30 adult male rats of Sprague-Dawley type, 190-230 g in weight, allocated to three groups in equal numbers as follows: Group 1: General Control Group (n = 10); control group without any intervention. Group 2: Sham-Hyperthyroidism Group (n = 10); group with 0.3 mg/kg intraperitoneal serum physiologic for three weeks.
Group 3:
Hyperthyroidism Group (n = 10); group where hyperthyroidism was induced by supplementing 0.3 mg/kg intraperitoneal L-thyroxin for three weeks.
At the end of the experimental part of the study, serum samples were collected from decapitated animals to analyze the levels of zinc, selenium, calcium, magnesium, phosphorus, chromium, copper and iron. The analyses of parameters were carried out using an inductively coupled plasma emission spectrophotometry (ICP-AES; Varian Australia Pty LTD, Australia) atomic emission apparatus found in the Soil Department of Selcuk University Faculty of Agriculture. The results were expressed as mg/L.
Statistics
Computer software package was used in the statistical evaluation of fi ndings. Arithmetic means and standard errors of all parameters were calculated. Variance analysis was used to determine the differences between groups. Least Signifi cant Difference (LSD) Test was employed to compare group means in the variance analysis results which were statistically signifi cant. The differences for which p < 0.01 were accepted signifi cant.
Results
Group 3 had higher calcium, selenium and zinc (p < 0.01) (Tab. 1), and lower chromium, copper, iron and phosphorus levels (p < 0.01) (Tab. 2) than groups 1 and 2. The parameters in groups 1 and 2 did not differ (Tabs 1-2).
Discussion
In the study, the highest serum zinc levels were obtained in the hyperthyroidism group (group 3). The studies about the mechanism of how blood zinc levels are affected in hyperthyroidism have produced contradictory results. Although there are reports arguing that plasma zinc levels remain unchanged in hyperthyroidism, (8, 9) some studies have reported signifi cant increases in plasma zinc levels in hyperthyroidism (11, 11) . However, many studies point out a relation between zinc defect and thyroid hormone levels (12, 13) . Zinc is an indispensable element in the functioning of 1,5-deiodinase, which is an enzyme catalyzing the conversion of T 4 into its active form T 3 (14) . Zinc is required not only for the activity of thyroid hormones but also for the synthesis of TSH in the anterior hypophysis and that of TRH in the hypothalamus (15, 16) . When evaluating the current information on the relation between zinc and thyroid as a whole, any change in thyroid activity can be expected to be resulting in a change in zinc levels. According to the report by Pawan et al (17) the hyperthyroid rats increase their intestinal and renal uptake of zinc and thus have higher zinc levels in comparison to controls. It is accepted that the main reason for this event is the positive correlation between Zip 10, a zinc-carrying protein, and thyroid hormones in the intestines and kidneys (17) . The high plasma zinc levels we obtained in hyperthyroid rats in our study are in concordance with reports of the researchers cited above.
Selenium levels in the hyperthyroidism group (group 3) were higher than those in other groups in our study. Selenium, a very important micronutrient in metabolism, accumulates as selenocysteine in the active part of the wide domain of proteins. Among the major selenoproteins are the iodothyronine deiodinases. These enzymes catalyze the conversion of T 3 into 3' diiodothyronine and that of pro-hormone thyroxin (T 4 ) into active thyroid hormone 3,3'5 triiodothyronine (18) . The full functioning of thyroid hormones depends on the conversion of thyroxin into triiodothyronine (T3). Most T 3 is produced by peripheral deionization of T 4 , which is catalyzed by seleno-enzyme iodothyronine 5' deiodinase. As a result, selenium is highly important in the modulation of regulatory role that the thyroid hormones play in metabolism (19) . It has been noted that the changes in thyroid hormone activity lead to signifi cant changes in selenium levels (20) , as well as that the selenium defi ciency puts the regulatory functions of thyroid hormones at risk (21) . It was reported that selenium and zinc concentrations were signifi cantly reduced in the thyroid tissues of patients with thyroid cancer and that these elements might have played a role in the carcinogenic process (22) . Kralik et al (5) stated in their study that selenium and zinc were substantial for thyroid hormone metabolism, and that the thyroid activity could be unfavorably affected in case of defi ciency in these elements. Serum selenium concentrations in hyperthyroid patients were reported to be higher than those in both healthy individuals and goiter patients (23) . The high selenium levels we obtained in the hyperthyroidism group in our study seem consistent with 
Tab. 1. Serum calcium, selenium, zinc and magnesium levels in study groups (mg/L).
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Tab. 2. Serum phosphorus, chromium, copper and iron levels in study groups (mg/L).
literature data quoted above. An important fi nding that should be noted herein is that alongside the selenium levels, the zinc levels were also elevated in the hyperthyroid group. It can be argued that both of these elements being known for their importance in thyroid metabolism should be studied further in order to shed light on their mutual interactions, as well as on their interactions with thyroid activity (5, 22) . By comparing the calcium levels between groups it was revealed that the hyperthyroidism group had higher calcium levels than the other two. It was stated in a study by Simsek et al (9) that erythrocyte calcium content in hyperthyroidism declined significantly, while a similar study showed that hyperthyroidism did not bring about any signifi cant change in serum calcium levels (24) . Hyperthyroidism is characterized by increased bone cycle due to direct stimulation of bone cells by elevated thyroid hormones (25) . In case of excessive thyroid hormone secretion, the resorption increases faster than formation, and consequently, the serum calcium increases (26) . The elevated serum calcium we found in the hyperthyroidism group may look like an expected result, and indeed, it is in harmony with the reports cited above (25, 26) . However, the elevated calcium levels in the hyperthyroidism group may also be associated with high zinc levels found in the same group. In their study, O'Dell et al (27) showed that zinc defi ciency in the body resulted in inadequate calcium absorption. It was reported that 1,25 dihydroxycholecalciferol levels in circulation dropped in zinc defi ciency or alternatively that zinc supplementation stimulated the synthesis of 1,25 dihydroxycholecalciferol (28). The high calcium levels we obtained in the hyperthyroidism group not only may be associated with increased thyroid activity, but also may result from the increase in zinc levels.
The number of studies into magnesium levels in hyperthyroidism is limited. It was demonstrated that thyroxin supplementation increased the magnesium levels in rat hepatic tissue while reducing those in the heart tissue (29) . It was reported that magnesium levels in patients with thyroid cancer declined signifi cantly after surgical operation (30) , as well as that both erythrocyte and plasma magnesium levels in experimental hyperthyroidism were lower than those in controls (9) . In our study, magnesium levels of the groups were not different. This result may be due to the duration and severity of the induced hyperthyroidism. The report by Gilro et al (31) that the severity of hyperthyroidism might contribute to a decrease in ionized magnesium concentrations is an important fi nding lending support to our premise.
The hyperthyroidism group in our study had lower levels of chromium, copper, iron and phosphorus relative to other groups. Changes in thyroid activity are known to infl uence the copper metabolism (32) . It was claimed that thyroid cancer patients had higher blood copper concentrations (22) , whereas in another study it was shown that while pre-operative serum copper levels of thyroid cancer patients were not different from those of the controls, they were signifi cantly suppressed post-operatively (30) . However, the thyroxin supplementation elevated the copper levels in the liver, while anti-thyroid drug administration resulted in a decreased copper concentration in the liver and increased copper concentration in the kidney (29) . The reduced copper levels obtained in our study support the results of researchers who have argued that copper metabolism is affected by thyroid malfunctioning. New data from human and animal studies indicate that iron defect weakens the thyroid metabolism (33, 34, 35) . Serum zinc concentrations of patients with thyroid cancer were shown to be signifi cantly inhibited post-operatively (30) . Efl ekhari et al (33) reported in their study that there was a negative correlation between thyroid hormones and serum iron, and that the reduced serum iron accompanied the elevated thyroid hormone levels. The reduced levels of serum iron obtained in the present study are congruous with the results of Efl ekhari et al (33) . We have found no results of other studies that could be possibly compared to the decreased chromium and phosphorus levels we obtained in the hyperthyroidism group (group 3) in our study. However, our fi ndings suggest that these elements are at least affected by hyperthyroidism. The reduced levels of chromium, copper, iron and phosphorus we found in the hyperthyroidism group may be associated with increased zinc levels. McDonal and Keen (36) point to an interaction between dietary zinc and other elements, arguing that high zinc can especially inhibit the iron absorption. The fi ndings of our study indicate that there is an inverse relation between zinc and iron in particular. It has been noted that there is a balance between zinc, a trace element, and copper, iron and phosphorus (37, 38, 39) . It was reported that high doses of zinc could impair the copper-iron absorption (39) , as well as that high doses of phosphorus-ironcopper could impair the zinc absorption (40, 41) . The decrease in copper, iron and phosphorus values we obtained in our study may have resulted from increased zinc levels.
Conclusions
Results obtained in our study suggest that hyperthyroidism leads to changes in the levels of some elements in rats. These changes may be associated with elevated zinc levels in hyperthyroidism.
